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Fig. 1A
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Fig. 1B
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Fig. 2A 2
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480

Cause a motor of a multi-perspective image
display system to spin a display screen of the
multi-perspective image display system,
using a rotor of the system, about an axis of
rotation at a spin rate

482

Determine, based on the spin rate, an
illumination on-time for an illumination

source of the display screen
484

Sequentially render each of mulitiple
perspectives of an image on the display
screen during each revolution of the display
screen about the axis of rotation

486

Concurrently with sequentially rendering each
of the multiple perspectives of the image on
the display screen, strobe the illumination
source of the display screen based on the
determined illumination on-time to display the
multiple perspectives of the image
488
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MULTI-PERSPECTIVE DISPLAY OF AN
IMAGE USING ILLUMINATION
SWITCHING

BACKGROUND

[0001] Increases in computing power have made possible
the generation of richly featured virtual imagery capable of
simulating in-person interactivity. However, the display
screens with which many modern communication devices
are equipped are typically designed to display a two-dimen-
sional (2D) image from a single viewing perspective. As a
result, and despite their ability to display sharp, richly
featured, high definition images, interactive group activities
centered on those devices, such as multi-player gaming, for
example, tend to be less than optimally engaging and
immersive if not limited entirely.

[0002] An alternative to the conventional approach to
providing 2D images is to render interactive group activities
using 3D imagery. However, several significant obstacles to
wider use of 3D imagery in gaming and entertainment exist.
For example, in order to project a 3D image, solutions often
entail multiple expensive projectors, multiple sets of aug-
mented reality (AR) headgear, and/or other complex display
technology is typically required to create the illusion of a
real-world 3D image. Further system complications can
occur if the 3D image is to be viewed from multiple
perspectives and still maintain a desirable level of realism
(e.g., positioning and location of users and images, time
synchronization, display performance, user comfort, envi-
ronmental restrictions, etc.).

SUMMARY

[0003] There are provided systems and methods for dis-
playing multiple perspectives of an image using illumination
switching, substantially as shown in and/or described in
connection with at least one of the figures, and as set forth
more completely in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1A shows a diagram of an exemplary multi-
perspective image display system, according to one imple-
mentation;

[0005] FIG. 1B shows a diagram of an exemplary sensor
network suitable for use as part of the multi-perspective
image display system of FIG. 1A, according to one imple-
mentation;

[0006] FIG. 1C shows a diagram of exemplary position
and/or rate (P/R) sensors suitable for use as part of the
multi-perspective image display system of FIG. 1A, accord-
ing to one implementation;

[0007] FIG. 2A shows a diagram of an exemplary multi-
perspective image display system, according to another
implementation;

[0008] FIG. 2B shows a side view of the exemplary
multi-perspective image display system shown in FIG. 2A
along perspective lines 2B-2B in that figure, according to
one implementation;

[0009] FIG. 3 shows a diagram of exemplary locations for
viewing multiple perspectives of an image generated by the
systems and according to the methods disclosed in the
present application;
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[0010] FIG. 4 shows a flowchart outlining an exemplary
method for displaying multiple perspectives of an image
using illumination switching, according to one implemen-
tation;

[0011] FIG. 5A shows an exemplary timing diagram of
illumination switching for display of a multi-perspective
image using a twisted nematic field effect (TN) liquid-
crystal display (LCD), according to one implementation;
[0012] FIG. 5B shows an exemplary timing diagram of
illumination switching for display of a multi-perspective
image using an in-plane switching (IPS) LCD, according to
one implementation; and

[0013] FIG. 6 shows a diagram illustrating the calculation
of exemplary start times for illumination of a display as it
spins, according to one implementation.

DETAILED DESCRIPTION

[0014] The following description contains specific infor-
mation pertaining to implementations in the present disclo-
sure. One skilled in the art will recognize that the present
disclosure may be implemented in a manner different from
that specifically discussed herein. The drawings in the
present application and their accompanying detailed
description are directed to merely exemplary implementa-
tions. Unless noted otherwise, like or corresponding ele-
ments among the figures may be indicated by like or
corresponding reference numerals. Moreover, the drawings
and illustrations in the present application are generally not
to scale, and are not intended to correspond to actual relative
dimensions.

[0015] The present application discloses systems and
methods for displaying multiple perspectives of a virtual
image using a single display screen that overcome the
drawbacks and deficiencies in the conventional art. FIG. 1A
shows a diagram of exemplary multi-perspective image
display system 100, according to one implementation. As
shown in FIG. 1A, multi-perspective image display system
100 includes stationary base 140, and display screen 190
coupled to rotor 148 and configured to rotate with rotor 148.
[0016] As further shown in FIG. 1A, display screen 190
includes display surface 192 and computing platform 102
communicatively coupled to display surface 192. Comput-
ing platform 102 includes application specific integrated
circuit (ASIC) 110 (hereinafter “controller 110”) including
central processing unit (CPU) 112 implemented as a hard-
ware processor, graphics processing unit (GPU) 114, and
may further include digital signal processor (DSP) 116.
Computing platform 102 also includes system memory 106
implemented as a non-transitory storage device storing
software code 108.

[0017] Base 140 includes motor 142 for rotating rotor 148
and display screen 190, and motor control circuit 144
including motor control unit (MCU) 146. Base 140 is
situated on surface 150, which may be a floor or any other
substantially horizontal surface. In addition, FIG. 1A shows
horizontal axis 152 (hereinafter also “X axis 152”) substan-
tially parallel to surface 150, and vertical axis 154 (herein-
after also “Z axis 154”) substantially perpendicular to sur-
face 150. Also shown in FIG. 1A are sensor network 120
bridging base 140 and display screen 190, and multi-per-
spective image 118 displayed by display screen 190, as well
as observers 117a and 1175 viewing respective perspectives
1194 and 1195 of multi-perspective image 118.
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[0018] Itis noted that although FIG. 1A depicts computing
platform 102 as being integrated with display screen 190,
that representation is merely exemplary. In other implemen-
tations, computing platform 102 may be integrated with base
140. It is further noted that the combination of controller
110, sensor network 120, and motor control circuit 144
enable the necessary time synchronization between the
revolutions per minute (rpm) of motor 142 and rotor 148,
and the frame rate in frames per second (fps) at which
display screen 190 renders images.

[0019] By way of definition, as used in the present appli-
cation, the terms “central processing unit” or “CPU” and
“graphics processing unit” or “GPU” have their customary
meaning in the art. That is to say, a CPU includes an
Arithmetic Logic Unit (ALU) for carrying out the arithmetic
and logical operations of controller 110, as well as a Control
Unit (CU) for retrieving programs, such as software code
108, from system memory 106. A GPU is configured to
reduce the processing overhead of the CPU by performing
computationally intensive graphics processing tasks.
[0020] In addition, for the purposes of the present appli-
cation, the term “perspective” refers to the particular view-
point from which an object, virtual object, or image is
viewed by an observer. Referring to FIG. 1A, for example,
a perspective of multi-perspective image 118 refers to the
location of an observer of multi-perspective image 118 with
respect to a circle substantially concentric with rotor 148 of
multi-perspective image display system 100, in a plane
substantially perpendicular to vertical Z axis 154.

[0021] Furthermore, the terms “render” and “rendering”
are defined to mean causing one or more images to appear
on display screen 190. Thus, rendering an image may mean
causing an entirely new image to appear on the display
screen, or refreshing an image previously appearing on the
display screen.

[0022] It is noted that although FIG. 1A shows two observ-
ers 117a and 1176 and two perspectives 1194 and 1195 of
multi-perspective image 118, that representation is provided
merely for conceptual clarity. More generally, observers
1174 and 1175 may correspond to a single observer, or to
more or many more than two observers who may be posi-
tioned so as to view multi-perspective image 118 from a
variety of different perspectives. For example, in some
implementations, observers 117a and 1176 may be situated
s0 as to view multi-perspective image 118 from two discrete
perspectives located approximately 180° apart on a circle
substantially concentric with rotor 148 in a plane substan-
tially perpendicular to vertical Z axis 154. However, in other
implementations, observers 117a and 1176 may be able to
view multi-perspective image 118 from the perspectives of
other locations on such a circle substantially concentric with
rotor 148, such as four locations approximately 90° apart on
the circle, or twenty locations approximately 18° apart, for
example.

[0023] FIG. 1B shows a more detailed exemplary imple-
mentation of sensor network 120, shown in FIG. 1A. As
shown in FIG. 1B, sensor network 120 includes multiple
sensors and sensing modules 122 controlled by CPU 112 of
controller 110. According to the exemplary implementation
shown in FIG. 1B, sensor network 120 also includes one or
more microphone(s) 124, analog-to-digital converter (ADC)
126, and localization module 128. As further shown in FIG.
1B, sensors 122 of sensor network 120 may include radio-
frequency identification (RFID) reader 1224, facial recog-
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nition (FR) module 1225, automatic speech recognition
(ASR) module 122¢, object recognition (OR) module 1224,
image sensor 122, and one or more position and/or rate
(P/R) sensor(s) 130.

[0024] It is noted that specific examples of P/R sensor(s),
including base sensors 130a and rotating sensors 1305 are
shown in FIG. 1C and are described by reference to that
Figure. Regarding, FR module 12254, in FIG. 1B, it is further
noted that FR module 1225 may include facial recognition
software for interpreting image data received from image
sensor 122e¢ and/or cameras 1385 shown in FIG. 1C to be
included among rotating sensors 1306 of P/R sensor(s). By
way of analogously, OR module 1224 may include object
recognition software for interpreting image data received
from image sensor 122¢ and/or cameras 13856. By way of
further analogy, ASR module 122¢ may include speech
recognition software for determining which sounds sensed
using one or more microphone(s) constitute speech by one
or more of observers 117a and 117b. Moreover, in some
implementations, ASR module may be implemented to
interpret speech by observer 117a and/or observer 1175.
[0025] It is also noted that the specific sensors and sensing
modules shown to be included among sensors 122 of sensor
network 120 are merely exemplary, and in other implemen-
tations, sensors 122 of sensor network 120 may include
more, or fewer, sensors than RFID reader 1224, FR module
12256, ASR module 122¢, OR module 1224, image sensor
122¢, and P/R sensor(s) 130. RFID reader 122a, FR module
12256, ASR module 122¢, OR module 1224, image sensor
122¢, and P/R sensor(s) 130 may be implemented using any
suitable sensors and software for those respective functions,
as known in the art. Microphone(s) 124 may include one or
more stationary and/or moving microphone(s). For example,
stationary microphone(s) of microphone(s) 124 may be
distributed in a 360° array surrounding base 140 to enhance
directional sensing of sound, such as speech, produced by
one or more of observers 117q and 1175.

[0026] In some implementations, one or more moving
microphone(s) of microphone(s) 124 may rotate in synchro-
nization with rotor 148 and display screen 190. In those
implementations, P/R sensor(s) 130 may be used in combi-
nation with microphone(s) 124 to identify the direction from
which a sound sensed using microphone(s) 124 is received.
[0027] Image sensor 122¢ may correspond to one or more
sensors for obtaining visual images of observers 117a and
1175, as well as the local venue in which multi-perspective
image display system 100 and observers 117a and 1175 are
located. Image sensor 122¢ may be implemented as one or
more stationary and/or rotating video cameras, for example.
[0028] As indicated in FIG. 1B, in some implementations,
data from P/R sensor(s) 130, and/or data generated by ADC
126 from sounds detected by microphone(s) 124 may be
processed by localization module 128 to identify the dis-
tance and/or direction of the respective sources of the sounds
received by microphone(s) 124, such as observers 117a and
1175. In those implementations, the output from localization
module 128 may be provided to ASR module 122¢ to
enhance the performance of ASR module 122¢ in discrimi-
nating among environmental sounds, noise, and purposeful
speech by one or more of observers 117a and 1175.

[0029] FIG. 1C shows a more detailed exemplary imple-
mentation of P/R sensor(s) 130, in FIG. 1B. As shown in
FIG. 1C, P/R sensor(s) 130 can include one or more base
sensor(s) 130qa integrated with base 140, and one or more
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rotating sensor(s) 1305 integrated with display screen 190
and configured to spin with display screen 190.

[0030] According to the exemplary implementation shown
in FIG. 1C, base sensor(s) 130a may include one or more of
infrared (IR) light-emitting diode (LED) 1324, magnet 134a,
visible light LED 136a, and glyph or other visible marker
138a, to name a few examples. As further shown in FIG. 1C,
rotating sensor(s) 1305 may include one or more of IR
receiver 1325 for sensing IR LED 132a, Hall effect sensor
13454 for sensing magnet 1344, photo diode 1365 for sensing
visible light LED 1364, and one or more camera(s) 1385 for
sensing glyph or visible marker 138a. In addition, rotating
sensor(s) 1305 are shown to be coupled to rotational track-
ing module 131.

[0031] Itis noted that the distribution of features identified
by reference numbers 132a, 134a, 1364, 138a, 1325, 1345,
1364, and 1385 between base sensor(s) 130a and rotating
sensor(s) 1305 is merely exemplary. In another implemen-
tation, for example, the positions of features 1324, 134a,
136a, 138a, 1325, 134b, 1365, and 138H may be reversed.
That is to say, one or more of IR LED 1324, magnet 134a,
visible light LED 136a, and glyph or visible marker 138a
may be included as rotating sensor(s) 1305, while one or
more of IR receiver 13254, Hall effect sensor 1345, photo
diode 1365, and camera(s) 1386 may be included as base
sensor(s) 130a. It is further noted that camera(s) 1385 may
include one or more still camera(s) and/or one or more video
camera(s), for example. Moreover, in some implementa-
tions, P/R sensor(s) 130 may be implemented as an encoder.
[0032] As indicated in FIG. 1C, in some implementations,
data from one or more of IR receiver 13256, Hall effect sensor
1344, photo diode 1365, and camera 1385 is processed by
rotational tracking module 131 to identify the rotational
position of display screen 190 being tracked by P/R sensor
(s) 130 at any point in time. In those implementations, the
output from rotational tracking module 131 may be provided
to controller 110 or software code 108 to enhance the
performance of multi-perspective image display system 100
in displaying perspectives 119a and 11954 of multi-perspec-
tive image 118.

[0033] FIG. 2A shows a diagram of exemplary multi-
perspective image display system 200, according to another
implementation. As shown in FIG. 2A, multi-perspective
image display system 200 includes base 240 and display
screen 290. Base 240 is shown to include motor 242, and to
be situated on surface 250, which may be a floor or any other
substantially horizontal surface. In addition, according to the
exemplary implementation shown in FIG. 2A, multi-per-
spective image display system 200 includes rotor 248
coupled to display screen 290.

[0034] Display screen 290 includes display surface 292
having optional privacy screen 266 affixed thereon. Also
shown in FIG. 2A are horizontal axis 252 (hereinafter also
“X axis 252”) substantially parallel to surface 250, vertical
axis 254 (hereinafter also “Z axis 254”) substantially per-
pendicular to surface 250, spin direction 256 of rotor 248
and display screen 290, two-dimensional (2D) image 228
rendered on display screen 290, and perspective lines 2B-2B
and 3-3.

[0035] Multi-perspective image display system 200 cor-
responds in general to multi-perspective image display sys-
tem 100, in FIG. 1A. As a result, multi-perspective image
display system 200 may share any of the characteristics
attributed to multi-perspective image display system 100 by
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the present disclosure, and vice versa. In addition, rotor 248
and base 240 including motor 242, correspond respectively
in general to rotor 148 and base 140 including motor 142, in
FIG. 1A. Thus, rotor 248, motor 242, and base 240 may
share any of the characteristics attributed to rotor 148, motor
142, and base 140 by the present disclosure, and vice versa.
That is to say, although not explicitly shown in FIG. 2A,
base 240 includes features corresponding respectively to
motor control circuit 144 and MCU 146.

[0036] Moreover, display screen 290 including display
surface 292, in FIG. 2A, corresponds in general to display
screen 190 including display surface 192, in FIG. 1A. Thus,
display screen 290 may share any of the characteristics
attributed to display screen 190 by the present disclosure,
and vice versa. In other words, although not explicitly
shown in FIG. 2A, display screen 290 includes features
corresponding respectively to controller 110 having CPU
112, GPU 114, DSP 116, and system memory 106 storing
software code 108. Furthermore, like multi-perspective
image display system 100, multi-perspective image display
system 200 includes sensor network 120 bridging base
140/240 and display screen 190/290.

[0037] In some implementations, display screen 190/290
may be a liquid-crystal display (LCD) screen, for example,
or an organic light-emitting diode (OLED) display screen.
For example, when implemented as an LCD screen, display
screen 190/290 may take the form of an in-plane switching
(IPS) LCD screen or a twisted nematic field effect (TN) LCD
screen. Moreover, in some implementations, display screen
190/290 may be provided by a mobile communication
device coupled to rotor 148/248, and configured to spin with
display screen 190/290. For example, display screen 190/
290 may be part of a smartphone or a tablet computer.

[0038] In the exemplary implementations shown in FIGS.
1A and 2A, various features and/or techniques may be
utilized to reduce flicker and/or blur of multi-perspective
image 118 produced by display screen 190/290. For
example, optional privacy screen 266 may be affixed to
display surface 192/292 of display screen 190/290 so as to
restrict viewing of display screen 190/290 outside of a
predetermined viewing angle. Such a privacy screen may
take the form of a louvered structure affixed to display
screen 190/290, or to a privacy film covering display surface
192/292 of display screen 190/290.

[0039] FIG. 2B shows a side view of exemplary multi-
perspective image display system 100/200 along perspective
lines 2B-2B in FIG. 2A, according to one implementation.
It is noted that any features in FIG. 2B identified by
reference numbers identical to those shown in FIG. 2A
correspond respectively to those previously identified fea-
tures and share their respective characteristics, and vice
versa. In addition to the features described above by refer-
ence to FIG. 2A, FIG. 2B shows axis of rotation 255 of rotor
148/248 and display screen 190/290, as well as horizontal
axis 253 (hereinafter also “Y axis 253”) normal to display
surface 192/292 and perpendicular to horizontal X axis
152/252 and vertical Z axis 154/254 in FIGS. 1A and 2A.

[0040] As shown in FIG. 2B, display surface 192/292 of
display screen 190/290 may be situated on axis of rotation
255 of rotor 148/248 and display screen 190/290. For
example, in some implementations, display surface 192/292
may be precisely aligned so as to be on axis of rotation 255
and so as to be centered on axis of rotation 255.
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[0041] Referring to FIGS. 1, 2A, and 2B in combination,
display surface 192/292 may be controlled by CPU 112
and/or GPU 114 of controller 110, while rotor 148/248
coupled to display screen 190/290 is controlled by CPU 112
of controller 110 and motor control circuit 144. CPU 112 of
controller 110 is configured to execute software code 108 to
render 2D image 228 on display screen 190/290 using GPU
114.

[0042] CPU 112 is further configured to execute software
code 108 to utilize motor control circuit 144 and motor
142/242 to spin rotor 148/248 and display screen 190/290
about axis of rotation 255 parallel to display surface 192/292
of display screen 190/290 at a spin rate to generate multi-
perspective image 118 corresponding to 2D image 228. As
a specific example, rotor 148/248 and display screen 190/
290 may have a spin rate in a range from approximately 900
rpm to approximately 3600 rpm, which translates to a range
of time intervals per rotation about axis of rotation 255 from
approximately sixty-seven milliseconds per rotation (67
ms/rotation) to approximately 17 ms/rotation. As a result of
the rotation of rotor 148/248 and display screen 190/290 as
2D image 228 is rendered on display screen 190/290,
multi-perspective image 118 may appear to be floating in
space, and/or may appear to be a 3D image corresponding to
2D image 228.

[0043] It is noted that CPU 112 of controller 110 may
execute software code 108 to control motor 142/242 in order
to spin rotor 148/248 and display screen 190/290 about axis
of rotation 255 at a varying spin rate, or at a substantially
constant predetermined spin rate. It is also noted that spin
direction 256 may be in either a counter clockwise direction
with respect to the plane of horizontal axes 152/252 and 253,
as shown in FIG. 2A, or in a clockwise direction with respect
to that plane.

[0044] In some implementations, CPU 112 of controller
110 may execute software code 108 to use GPU 114 of
controller 110 to change 2D image 228 as rotor 148/248 and
display screen 190/290 spin, so as to generate multiple
perspectives 119a and 11956 of multi-perspective image 118
that are appropriate respectively to the locations of each of
observers 117a and 117h. For example, observer 117a
located so as to face a front side of multi-perspective image
118 and stationary at that location might consistently view
multi-perspective image 118 from frontal perspective 119a.
By contrast, observer 1175 located so as to face a backside
of multi-perspective image 118, i.e., 180° apart from the
perspective of observer 117a, and stationary at that location
might consistently view multi-perspective image 118 as if
from rear perspective 1195.

[0045] FIG. 3 shows a top view of image viewing envi-
ronment 301 including multi-perspective image display sys-
tem 300 including rotor 348 and base 340 along perspective
lines 3-3 in FIG. 2A. It is noted that display screen 190/290
and internal features of base 340 are not shown in FIG. 3 in
the interests of conceptual clarity.

[0046] As shown in FIG. 3, image viewing environment
301 also includes circle 372 of exemplary locations 374a,
374b, 374c, 374d, 374¢, 374f, 374g, and 374/ (hereinafter
“locations 374a-374/”) from which to observe multi-per-
spective image 118, in FIG. 1A. Also shown in FIG. 3 are
observer 317a viewing perspective 319a of multi-perspec-
tive image 118, and observer 3175 viewing another perspec-
tive 31956 of multi-perspective image 118. It is noted that
circle 372 including exemplary locations 374a-374/ for
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viewing different perspectives of multi-perspective image
118 is substantially concentric with rotor 348.

[0047] Multi-perspective image display system 300
including rotor 348 and base 340 corresponds in general to
multi-perspective image display system 100/200 including
rotor 148/248 and base 140/240 in FIGS. 1A, 2A, and 2B.
Thus, multi-perspective image display system 300, rotor
348, and base 340 may share any of the characteristics
attributed to respective multi-perspective image display sys-
tem 100/200, rotor 148/248, and base 140/240 by the present
disclosure, and vice versa. In addition, observer 317a,
observer 3175, and perspectives 319a and 3195 correspond
respectively in general to observer 3174, observer 31756, and
respective perspectives 1194 and 1195, in FIG. 1A.

[0048] In one exemplary implementation, observer 117a/
317a may be at location 374a corresponding to a zero
crossing of circle 372, i.e., 0° or 360° (or zero or 27 radians)
along the circumference of circle 372, as detectable using
sensor network 120. From that location, observer 117a/317a
may face a front side of multi-perspective image 118, for
example, and view multi-perspective image 118 displayed
by multi-perspective image display system 100/200/300
from frontal perspective 1194/3194. By contrast, observer
1175/317b located so as to face a backside of multi-perspec-
tive image 118 from location 374e, i.e., a location 180° (&
radians) apart from location 374a of observer 317a/317a,
would view multi-perspective image 118 as if from backside
perspective 1195/31954. In other words, in an exemplary use
case in which multi-perspective image 118 is observable
from two locations corresponding to locations 374a and
374e, multi-perspective image display system 100/200/300
may display two perspectives 1194/319a and 1195/3196 of
multi-perspective image 118.

[0049] In other implementations, however, more perspec-
tives of multi-perspective image 118 may be displayed. For
example, in one implementation, circle 372 may include
four locations for viewing multi-perspective image 118 that
are 90° (/2 radians) apart with respect to circle 372, e.g.,
locations 374a, 374c, 374e, and 374g. In that implementa-
tion, perspectives 1194/3194 and 1195/3195 may once again
be respective frontal and backside perspectives of multi-
perspective image 118, while the perspectives viewable
from locations 374¢ and 374g may be opposing side views
of multi-perspective image 118 (i.e. left and right side view
perspectives).

[0050] As another example, in implementations in which
circle 372 includes six locations for viewing multi-perspec-
tive image 118, e.g., locations 374a-374k, each of those
locations may be 60° (7/3 radians) apart with respect to
circle 372. In that implementation, multi-perspective image
display system 100/200/300 may be configured to display
six distinct perspectives of multi-perspective image 118 that
correspond respectively to locations 374a-3744. It should be
understood, that with an increasing spin rate and an increas-
ing number of alternating and distinct views (e.g. up to 360
distinct views), an up to 360° holographic view of multi-
perspective image 118 may be achieved.

[0051] The functionality of multi-perspective image dis-
play system 100/200/300 including base 140/240/340 and
display screen 190/290 will be further described by refer-
ence to FIG. 4. FIG. 4 shows flowchart 480 of an exemplary
method for displaying multiple perspectives of an image
using illumination switching, according to one implemen-
tation. With respect to the method outlined in FIG. 4, it is
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noted that certain details and features have been left out of
flowchart 480 in order not to obscure the discussion of the
inventive features in the present application.

[0052] Referring to FIG. 4 in combination with FIGS. 1A,
2A, 2B, and 3, flowchart 480 begins with causing motor
142/242 to spin display screen 190/290, using rotor 148/
248/348, about axis of rotation 255 at a spin rate (action
482). In some implementations, controller 110 may be
configured to utilize motor control circuit 144 including
MCU 146 to cause motor 142/242 to spin rotor 148/248/348
and display screen 190/290 about axis of rotation 255
parallel to display surface 192/292 of display screen 190/290
at a predetermined spin rate, which may be in a range from
approximately 900 rpm to approximately 3600 rpm, for
example. Alternatively, in some implementations, CPU 112
of controller 110 may be configured to execute software
code 108 to use motor control circuit 144 to control motor
142/242 to spin rotor 148/248/348 and display screen 190/
290 about axis of rotation 255 at a predetermined spin rate.
[0053] According to various implementations of the pres-
ent inventive concepts, the spin rate of rotor 148/248/348
and display screen 190/290 may depend in part on the frame
rate of display screen 190/290. As known in the art, the term
“frame rate” refers to the rate or frequency with which a new
frame can be rendered on a display, expressed in frames per
second (fps). Thus, frame rate is to be distinguished from
refresh rate, which is the rate or frequency with which the
same frame can be redrawn on a display.

[0054] In addition, in some implementations, the spin rate
of rotor 148/248/348 and display screen 190/290 may
depend in part on the response time of display screen
190/290. It is noted that, as defined in the present applica-
tion, the term “response time” refers to the time interval
required for a frame rendered by CPU 112 and/or GPU 114
of controller 110 to be completely drawn on display surface
192/292 of display screen 190/290. As known in the art, the
response time of display screen 190/290 may vary with the
display technology used to implement display screen 190/
290. For example, as noted above, in some implementations,
display screen 190/290 may be an IPS LCD screen, which
typically provides excellent color range but a relatively slow
response time. However, in other implementations, it may be
advantageous or desirable to implement display screen 190/
290 as a TN LCD screen having a faster response time but
providing an inferior color range when compared to an IPS
LCD screen.

[0055] Flowchart 480 may continue with determining,
based on the spin rate, an illumination on-time for an
illumination source of display screen 190/290 (action 484).
In implementations in which display screen 190/290 is an
emissive display, the illumination source of display screen
190/290 may be OLEDs themselves (e.g., AMOLED dis-
plays) or diffused backlighting layered behind an LCD
display screen. Alternatively, in some implementations, dis-
play screen 190/290 may be implemented as a reflective
display screen, such as a projection screen, or may be
implemented as a normally emissive display screen utilized
in reflective mode. In implementations in which display
screen 190/290 is reflective or being used in reflective mode,
the illumination source of display screen 190/290 may be a
frontlight, such as a projection lamp, for example.

[0056] As defined for the purposes of the present appli-
cation, the term “illumination on-time” of display screen
190/290 refers to the time interval during which the illumi-
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nation source of display screen 190/290, e.g., backlight or
frontlight, is switched on while rotor 148/248/348 and
display screen 190/290 spin. At times during the spinning of
rotor 148/248/348 and display screen 190/290 outside of the
illumination on-time interval, the illumination source of
display screen 190/290 is switched off.

[0057] Determination of the on-time for the illumination
source of display screen 190/290 may be performed by
controller 110. In some implementations, CPU 112 of con-
troller 110 may be configured to execute software code 108
to determine the on-time for the illumination source of
display screen 190/290 based on the spin rate of rotor
148/248/348 and display screen 190/290.

[0058] In some implementations, controller 110 may be
configured to determine the illumination on-time for the
illumination source of display screen 190/290 further based
on a predetermined viewing angle for each of perspectives
1194/319a and 1195/31956 of multi-perspective image 118 to
be rendered on display screen 190/290. Moreover, in addi-
tion, or alternatively, controller 110 may be configured to
determine the illumination on-time for the illumination
source of display screen 190/290 further based on the
response time of display screen 190/290.

[0059] In implementations in which the illumination on-
time for the illumination source of display screen 190/290 is
determined based on a predetermined viewing angle for each
of perspectives 1194/319a and 1195/31956 of multi-perspec-
tive image 118 and the response time of display screen
190/290, in addition to the spin rate, controller 110 may be
configured to determine the illumination on time as:

om0 1539 @/ V)l eqpomse imeHogser (Bquation 1)

where @ is the predetermined viewing angle expressed in
radians, V is the predetermined spin rate of rotor 148/248/
348 and display screen 190/290 expressed in Hz, t,,,,,,,.-
ame 18 the known display technology’s response time in
seconds of display screen 190/290, and t,., is the adjust-
ment to account for spin rate variation of display screen
190/290.

[0060] Ttis noted that t,,, may be thought of as the “jitter
estimate” of the spin rate, i.e., the variance of the actual spin
rate of rotor 148/248/348 and display screen 190/290 from
the predetermined spin rate V, as measured or estimated via
graphics rendering. As a result, in use cases in which the
jitter estimate is de minimis, and may be ignored, the t, 4.,
term may be omitted from Equation 1. Thus, according to
Equation 1, the illumination on-time for the illumination
source of display screen 190/290 may be determined based
at least on a ratio of the predetermined viewing angle to the
spin rate, minus the response time of display 190/290. It is
noted that the spin rate V,,., .. may be determined by
controller 110 using P/R sensor(s) 130 of sensor network
120.

[0061] Flowchart 480 may continue with sequentially ren-
dering each of multiple perspectives 119a/319a and 1195/
3196 of multi-perspective image 118 on display screen
190/290 during each revolution of display screen 190/290
about axis of rotation 255 (action 486). The sequential
rendering of each of multiple perspectives 1194/319a and
1195/3195 of multi-perspective image 118 on display screen
190/290 may be performed by controller 110. For example,
controller 110 may utilize CPU 112 and/or GPU 114 to
sequentially render perspectives 1194/319a and 1195/3196
on display screen 190/290 during each revolution of display



US 2021/0080766 Al

screen 190/290 about axis of rotation 255. Alternatively, in
some implementations, CPU 112 of controller 110 may
execute software code 108 to utilize GPU 114 to sequen-
tially render perspectives 119a/319a and 1195/3196 on
display screen 190/290 during each revolution of display
screen 190/290 about axis of rotation 255.

[0062] In one implementation, each perspective 1194/
319a and 1195/31956 of multi-perspective image 118 may
correspond to a virtual camera of a virtual world, such as
provided by a game engine. For example, multiple perspec-
tives 1194/319a and 1196/3195 of multi-perspective image
118 may be provided as though captured by a virtual camera
revolving around multi-perspective image display system
100/200/300 on circle 372 in synchronization with rotor
148/248/348 of multi-perspective image display system 100/
200/300. As a result, in that implementation, CPU 112
and/or GPU 114 of controller 110 may be configured to
render multi-perspective image 118 so as to include virtual
world imagery synchronized with the respective real world
perspectives of observers 117a/317a and 1175/3175 appro-
priate to their respective locations.

[0063] Flowchart 480 may conclude with strobing the
illumination source of display screen 190/290 based on the
determined illumination on-time to display perspectives
1194/319a and 1195/31956 of multi-perspective image 118,
where the strobing is performed concurrently with the
sequentially rendering of each of multiple perspectives
1194/319a and 1195/3196 of multi-perspective image 118
on display screen 190/290 (action 488). Strobing of the
illumination source of display screen 190/290 may be per-
formed by controller 110, through the selective switching on
and off of a backlight or frontlight illumination source of
display screen 190/290, for example, as perspectives 1194/
319a and 1194/3195 of multi-perspective image 118 are
sequentially rendered on display screen 190/290, and as
rotor 148/248/348 and display screen 190/290 spin.

[0064] FIG. 5A shows exemplary timing diagram 500A of
illumination switching for two-perspective image display
using a TN LCD screen, according to one implementation,
while FIG. 5B shows exemplary timing diagram 500B of
illumination switching for two-perspective image display
using an IPS LCD screen, according to another implemen-
tation.

[0065] Referring to FIG. 5A, the use case depicted in that
figure corresponds to a spin rate of approximately 1800 rpm,
or thirty hertz (30 Hz). As shown in FIG. 5A, the relatively
fast response time of a TN LCD screen provides a relatively
large viewing angle ® of approximately 24m radians, or
120°, for each of two perspectives 119a/319a and 11956/3195
of multi-perspective image 118.

[0066] Referring to FIG. 5B, by contrast, the relatively
slow response time of an IPS LCD screen reduces the
viewing angle ® for each of two perspectives 1194/319a and
1195/31956 of multi-perspective image 118 to approximately

[T

radians, or 90°. Moreover, the slower response time of the
IPS LCD screen requires a reduced spin rate of approxi-
mately 900 rpm, or 15 Hz.

[0067] FIG. 6 shows diagram 600 illustrating the calcula-
tion of exemplary start times for illumination of a display as
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it spins, according to one implementation. The timing
regime shown in FIG. 6 is implemented in order to create a
symmetric viewing effect for multiple perspectives “N”. For
example, and as shown in FIG. 6, to display four symmetric
viewing segments with a ten degree viewing angle, the start
time, i.e., the delay interval from the zero position before the
start of the first illumination on-time of a rotation is given by
Equation 2 as follows:

2z 1 Lontime (Equation 2)
tor =y * Vi) (75
where ®@,,,,, , ., is the shift of the center of the first viewing

window from the zero position expressed in radians, V is the
predetermined spin rate of rotor 148/248/348 and display
screen 190/290 expressed in Hz, and t_,, ., is the on-time of
the illumination source of display screen 190/290 discussed
above.

[0068] As noted above, in actual use, the spin rate of rotor
148/248/348 and display screen 190/290 may vary. That is
to say, the actual spin rate V., . may include a prede-
termined desired spin rate and a variance from that prede-
termined spin rate. Consequently, in some implementations,
it may be advantageous or desirable for multi-perspective
display system 100/200/300 to use controller 110 to detect
the variance from the predetermined spin rate and adjust the
spin rate to substantially match the predetermined spin rate
using motor 142/242.

[0069] However, in other implementations, multi-perspec-
tive display system 100/200/300 may use controller 110 to
detect the variance from the predetermined spin rate and
modify the on-time for the illumination source determined in
action 484, based on the variance from the predetermined
spin rate, resulting in an adjusted illumination on-time. In
those implementations, controller 110 may then strobe the
illumination source of display screen 190/290 based on the
adjusted illumination on-time while spinning the display
screen at the spin rate including the variance from the
predetermined spin rate.

[0070] It is noted that, in some implementations, it may be
advantageous or desirable to track the movement of one of
observers 117a/317a or 1175/3175b relative to display screen
190/290 and to render perspective 119a/319a or 1195/3196
on display screen 190/290 so as to be viewable by that
observer from the same perspective at all locations. For
example, where observer 117a/317a is the subject of the
tracking, one or more of camera(s) 1385 of sensor network
120/220 may be utilized to determine the location of
observer 117a/317a relative to display screen 190/290, i.e.,
the position of observer 117a/317a with respect to exem-
plary locations 374a-374h of circle 372.

[0071] Itis further noted that as technologies advance such
that rendering frame rates and display refresh rates increase,
while display response times decrease, the maximum num-
ber of perspectives 119a/319a and 1195/3195 can increase,
and may increase substantially. As that progress in the
technology occurs there will eventually be a limit in which
a single frame rendered per viewing angle or perspective
will then be required to be a blended frame of one or more
closely adjacent views when different observers 117a/317a
and 1175/317b are located very close to one another, for
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example, standing side-by-side or located such that one
observer is looking over the shoulder of the other observer.

[0072] Thus, the present application discloses systems and
methods for displaying multiple perspectives for viewing a
virtual image and/or multiple scenes using a single display.
By spinning a display screen upon which a 2D image is
rendered, about an axis, the present display solution is
capable of generating an apparently floating image that may
appear to be 3D. In addition, by rendering multiple perspec-
tives of the image on the display screen during each revo-
Iution of the display screen about the axis, the present
display solution enables observers at various locations to see
different perspectives of the image. As a result, the display
solutions disclosed in the present application advanta-
geously enable an observer of the image to view a perspec-
tive of the image that is appropriate to the location of the
observer.

[0073] From the above description it is manifest that
various techniques can be used for implementing the con-
cepts described in the present application without departing
from the scope of those concepts. Moreover, while the
concepts have been described with specific reference to
certain implementations, a person of ordinary skill in the art
would recognize that changes can be made in form and detail
without departing from the scope of those concepts. As such,
the described implementations are to be considered in all
respects as illustrative and not restrictive. It should also be
understood that the present application is not limited to the
particular implementations described herein, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

What is claimed is:

1. A multi-perspective image display system comprising:
a motor configured to spin a rotor;

a display screen coupled to the rotor;

a controller configured to:

cause the motor to spin the display screen, using the
rotor, about an axis of rotation at a spin rate;

determine, based on the spin rate, an illumination
on-time for an illumination source of the display
screen;

sequentially render each of a plurality of perspectives
of an image on the display screen during each
revolution of the display screen about the axis of
rotation; and

concurrently with sequentially rendering each of the
plurality of perspectives of the image on the display
screen, strobe the illumination source of the display
screen based on the determined illumination on-time
to display the plurality of perspectives of the image.

2. The multi-perspective image display system of claim 1,
wherein the spin rate comprises a predetermined spin rate
and a variance from the predetermined spin rate, and
wherein the controller is further configured to:

detect the variance from the predetermined spin rate; and

adjust the spin rate to substantially match the predeter-

mined spin rate using the motor.

3. The multi-perspective image display system of claim 1,
wherein the spin rate comprises a predetermined spin rate
and a variance from the predetermined spin rate, and
wherein the controller is further configured to:
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detect the variance from the predetermined spin rate;
modify the determined on-time for the illumination source
based on the variance from the predetermined spin rate,
resulting in an adjusted illumination on-time; and
strobe the illumination source of the display screen based
on the adjusted illumination on-time while spinning the
display at the spin rate using the motor and the rotor.

4. The multi-perspective image display system of claim 1,
wherein the display screen is an emissive display screen and
the illumination source is a backlight of the emissive display
screen.

5. The multi-perspective image display system of claim 4,
wherein the display screen comprises an organic light-
emitting diode (OLED) display screen, an in-plane switch-
ing (IPS) liquid-crystal display (LLCD) screen, or a twisted
nematic field effect (TN) LCD screen.

6. The multi-perspective image display system of claim 1,
wherein the controller is configured to determine the illu-
mination on-time further based on a predetermined viewing
angle for each of the plurality of perspectives of the image
to be rendered on the display screen.

7. The multi-perspective image display system of claim 6,
wherein the controller is configured to determine the illu-
mination on-time further based on a response time of the
display screen.

8. The multi-perspective image display system of claim 7,
wherein the controller is configured to determine the illu-
mination on-time further based on a ratio of the predeter-
mined viewing angle to the spin rate, minus the response
time of the display screen.

9. The multi-perspective image display system of claim 1,
wherein the controller is configured to determine the illu-
mination on-time further based on a response time of the
display screen.

10. The multi-perspective image display system of claim
1, wherein the display screen is implemented as a reflective
display screen and the illumination source is a frontlight.

11. A method for use by a multi-perspective image display
system including a controller, a motor configured to spin a
rotor, and a display screen coupled to the rotor, the method
comprising:

causing, by the controller, motor to spin the display

screen, using the rotor, about an axis of rotation at a
spin rate;

determining, by the controller, based on the spin rate, an

illumination on-time for an illumination source of the
display screen based;

sequentially rendering, by the controller, each of a plu-

rality of perspectives of an image on the display screen
during each revolution of the display screen about the
axis of rotation; and

concurrently with sequentially rendering each of the plu-

rality of perspectives of the image on the display
screen, strobing, by the controller, the illumination
source of the display screen based on the determined
illumination on-time to display the plurality of perspec-
tives of the image.

12. The method of claim 11, wherein the spin rate
comprises a predetermined spin rate and a variance from the
predetermined spin rate, the method further comprising:

detecting, by the controller, the variance from the prede-

termined spin rate; and

adjusting the spin rate, by the controller using the motor,

to substantially match the predetermined spin rate
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13. The method of claim 11, wherein the spin rate
comprises a predetermined spin rate and a variance from the
predetermined spin rate, the method further comprising:

detecting, by the controller, the variance from the prede-

termined spin rate;

modifying, by the controller, the determined on-time for

the illumination source based on the variance from the
predetermined spin rate, resulting in an adjusted illu-
mination on-time; and

strobing, by the controller, the illumination source of the

display screen based on the adjusted illumination on-
time while spinning the display at the spin rate using
the motor and the rotor.

14. The method of claim 11, wherein the display screen is
an emissive display screen and the illumination source is a
backlight of the emissive display screen.

15. The method of claim 14, wherein the display screen
comprises an organic light-emitting diode (OLED) display
screen, an in-plane switching (IPS) liquid-crystal display
(LCD) screen, or a twisted nematic field effect (TN) LCD
screen.
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16. The method of claim 11, wherein the controller is
configured to determine the illumination on-time further
based on a predetermined viewing angle for each of the
plurality of perspectives of the image to be rendered on the
display screen.

17. The method of claim 16, wherein the controller is
configured to determine the illumination on-time further
based on a response time of the display screen.

18. The method of claim 17, wherein the controller is
configured to determine the illumination on-time further
based on a ratio of the predetermined viewing angle to the
spin rate, minus the response time of the display screen.

19. The method of claim 11, wherein the controller is
configured to determine the illumination on-time further
based on a response time of the display screen.

20. The method of claim 11, wherein the display screen is
implemented as a reflective display screen and the illumi-
nation source is a frontlight.
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